ECA SX50 electron microprobe (energy dispersive analysis); accelerating potential was 20 kV and beam current was between 3 and 5 nA, with a beam diameter of 5 to 8 ixm. Analyses were conducted on 10 isolated spots on the echinoderm stereome. Chronologies for Late Quaternary marine sediment records are usually based on radiocarbon ages of planktonic foraminifera. Signals carried by other sedimentary components measured in parallel can provide complementary paleoclimate information. A key premise is that microfossils and other indicators within a given sediment horizon are of equal age. We show here that haptophyte-derived alkenones isolated from Bermuda Rise drift sediments are up to 7000 years older than coexisting planktonic foraminifera. This temporal offset, which is apparently due to lateral transport of alkenones on fine-grained particles from the Nova Scotian margin, markedly influences molecular estimates of sea surface temperatures. More broadly, the observation raises questions about both the temporal and the geographic fidelity of paleoenvironmental records encoded by readily transported components of sediments. The development of multiple parallel proxy records derived from measurements of various sedimentary components is now commonplace for reconstruction of past changes in the ocean and climate. For example, the molecular sea surface temperature (SST) proxy U3 (1-3) complements information derived from the assemblages and oxygen isotopic (8180) compositions of planktonic foraminifera (4). A requirement for the successful coupling of molecular and microfossil-based proxies is that they reflect water column conditions at the same time. Bioturbation can, however, mix particles with dif-
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Spatial
The development of multiple parallel proxy records derived from measurements of various sedimentary components is now commonplace for reconstruction of past changes in the ocean and climate. For example, the molecular sea surface temperature (SST) proxy U3 (1-3) complements information derived from the assemblages and oxygen isotopic (8180) compositions of planktonic foraminifera (4). A requirement for the successful coupling of molecular and microfossil-based proxies is that they reflect water column conditions at the same time. Bioturbation can, however, mix particles with dif- The foram ages provide the most accurate indication of the age of each sediment horizon. Relative to other sedimentary components, forams are large (>150 iLm) and dense. These sand-sized particles settle rapidly from the overlying surface waters (14) . Although bioturbation can in some cases mix forams of different ages with one another (5), the high sediment accumulation rates at the Bermuda Rise minimize potential offsets due to this process (15). In support of this idea, measurements on another planktonic foram, Globorotalia inflata (16), from the same samples yielded ages that were identical, within uncertainties, to those of G. ruber. Finally, the presence of bomb 14C in forams in the shallowest depth interval (Table 1) provides clear evidence of prompt deposition.
The above differences in radiocarbon age provide compelling evidence that a significant portion of the carbon in the alkenones, TOC, and fine carbonates is derived from some source other than surface waters overlying the calendar years before the present (yr B.P.) (Table 1 ) (cm/ky = cm per 1000 calendar years) (8, 10, 12). Table 1 The foram ages provide the most accurate indication of the age of each sediment horizon. Relative to other sedimentary components, forams are large (>150 iLm) and dense. These sand-sized particles settle rapidly from the overlying surface waters (14) . Although bioturbation can in some cases mix forams of different ages with one another (5), the high sediment accumulation rates at the Bermuda Rise minimize potential offsets due to this process (15). In support of this idea, measurements on another planktonic foram, Globorotalia inflata (16), from the same samples yielded ages that were identical, within uncertainties, to those of G. ruber. Finally, the presence of bomb 14C in forams in the shallowest depth interval (Table 1) provides clear evidence of prompt deposition.
The above differences in radiocarbon age provide compelling evidence that a significant portion of the carbon in the alkenones, TOC, and fine carbonates is derived from some source other than surface waters overlying the Bermuda Rise at the time of deposition. Any carbon-containing product formed at the same time and place as the forams would have exactly the same radiocarbon age [computations include corrections for isotopic fractionations (17)]. If the age difference were identical to the half-life of 4C (5730 years), it could mean that, at the time of deposition, half of the alkenones delivered to the sediment were radiocarbondead (older than 50,000 years), with the other half being identical in age to the forams. Alternatively, it could mean that all of the alkenones delivered to the sediment had been synthesized 5730 years before their ultimate immobilization at this site. Intermediate cases, with smaller proportions of alkenones pre-aged for more than 5730 years, are also possible. In any case, the age differences require large alloch- (Fig. 1) . The pronounced decrease in the abundance of carbonate during this interval is associated with a visible reddening of the sediment, indicating the presence of greater concentrations of hematite from the Canadian maritime provinces (24, 25) and, based on excess 230Th data, an abrupt and brief increase in sediment accumulation rate to values approaching 100 cm/ ky (26). The decline in percent of CaCO3 (% CaCO3) is also associated with increased age offsets in all three fine-fraction carbon pools and with a decrease in U7, the alkenonebased SST proxy (Fig. 1) . These convergent lines of evidence strongly suggest that sediment drifting, which delivers the diluent that expands the record, also supplies fine-grained carbonates, alkenones, and organic carbon that are associated with advected particles (27) .
The analyses of the alkenones are of particular importance. These molecules are produced by haptophyte algae, notably the coccolithophorid Emiliania huxleyi (2). They are indubitably of marine origin. The age offsets cannot, therefore, be ascribed to terrigenous More than two sources are, however, indicated. Although Table 1 shows that the UK maximum and minimum in the Holocene are associated respectively with the smallest and largest age offsets, the age offset does not drop to zero at the UK7 maximum. Therefore, not all allochthonous inputs cause variations in U,3 indicating that the imported alkenones are not exclusively derived from colder regions.
A second view of the overall pattern for Holocene samples is shown in Fig. 2 
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line would reflect only analytical uncertainties. The scatter is in fact much larger. Accordingly, the correlation is best explained by mixing of materials from multiple sources that are similar but not identical.
The average age offset of the allochthonous components can be estimated from the lowcarbonate end of the regression line shown in Fig. 2 . We consider the endpoint at 5% CaCO3 for two reasons. First, observations show clearly that there is a significant concentration (minimum 4 weight %) of carbonate minerals in the fine fraction and, indeed, that it is much older than in the coexisting forams (Table 1) (7) . Second, the minimum concentration of carbonate observed in these cores, plausibly from an interval containing only transported material, is 5%. In that case, the initial depletion of 4C in the allochthonous material is -670 per mil (%o), which corresponds to an age difference of about 9000 calendar years. The observed correlation would not accommodate an average initial depletion approaching -1000%o and therefore indicates that the bulk of the allochthonous material is resuspended marine debris rather than material derived from the erosion of beds undisturbed for 50,000 years or more.
Carbonate-poor intervals in North Atlantic sediments are generally associated with cooler climate periods (30) . Similarly, the marked decrease in percent of CaCO3 and associated fluctuations evident in the Holocene samples (Fig. 1) locene. For the alkenones, however, the shift to slightly lower age offsets (an average of 3400 radiocarbon years in the late glacial/deglacial versus 4800 in the Holocene) is an artifact of changing levels of 14C in the atmosphere (33). When initial values of A14C are calculated (34), the average depletion in alkenones relative to forams at the time of deposition in the Holocene is 417 + 51%o, whereas that in the deglacial and late glacial is 411 ? 64%o. This consistent depletion indicates that the U37 proxy is subject to uncertainty throughout the record. However, correlations between UK7 and the alkenone age offset vary with time. These records yield mirror images in the Holocene but are roughly congruent in the late glacial/deglacial (Fig. 1) , presumably reflecting a significant shift in the provenance of the transported alkenones. In contrast, the age offset for TOC trends consistently toward larger values in the pre-Holocene (Fig. 1) , which is consistent with larger inputs of radiocarbon-dead terrigenous debris associated with glaciogenic sedimentation.
The evident sedimentological control of proxy records on the Bermuda Rise raises questions about the extent to which advected inputs have affected proxy records elsewhere. At this site, and presumably at other drifts, the parallel use of corresponding proxy records to infer aspects of past properties of the overlying surface ocean is prone to uncertainty. Evidence for advective control of alkenone SST records has been reported previously (35, 36), and we have also observed significant age offsets (up to 4500 radiocarbon years) between alkenones and planktonic forams in another high-deposition-rate site on the Namibian margin (37). Such offsets may thus be a pervasive feature of depositional settings characterized by rapid sediment accumulation resulting from advection and focusing of fine particles.
Other sedimentary components that are used to develop down-core records and which reside in the fine fraction (such as nannofossils, clay particles, and pollen) may be similarly prone to allochthonous influences ( bonding interactions can often "strain" the molecule of interest into conformations that are not favorable for the isolated molecule (6). Vibrational spectroscopy is used extensively in these studies, because it can provide detailed information on both the structure and dynamics of systems of modest complexity (1, 4, 7, 8 ). For larger systems that have multiple conformations, the problems associated with resolving and then assigning the observed vibrational bands become formidable. Although pump-probe methods have proven useful in separating spectra associated with different conformers (7), progress toward the study of more complex systems will ultimately be limited by the ability to assign the different vibrational bands.
Here, we discuss a method for measuring the direction of the transition moment for bonding interactions can often "strain" the molecule of interest into conformations that are not favorable for the isolated molecule (6).
Vibrational spectroscopy is used extensively in these studies, because it can provide detailed information on both the structure and dynamics of systems of modest complexity (1, 4, 7, 8 ). For larger systems that have multiple conformations, the problems associated with resolving and then assigning the observed vibrational bands become formidable. Although pump-probe methods have proven useful in separating spectra associated with different conformers (7), progress toward the study of more complex systems will ultimately be limited by the ability to assign the different vibrational bands.
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